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Introduction
In most mammals the final stage of folliculogenesis is characterized by the emergence of a minority of large antral follicles which will eventually ovulate (Mauléon & Marianna, 1977) . The mechanism by which individual follicles are selected for ovulation is unknown although it is now clear that once established these follicles suppress further development of other large antral follicles. Even in those species that usually only have a single ovulation the total number of antral follicles > 1 mm diameter present in the ovary during the cycle greatly exceeds the number which ovulate, e.g. women: 6-46 per ovary; sheep: [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] (McNatty, 1982) . This paper will consider how the pre¬ ovulatory follicle is selected and the way in which it establishes dominance over the other antral follicles in the human and sheep.
The preovulatory dominant follicle Immediately before ovulation the preovulatory follicle in ewes and women is easily recognized macroscopically by its size and vascular appearance. The vascularity is due to a large capillary network supplying the theca interna and is presumably induced by some product of the growing antral follicle, e.g. oestrogen. In both species there is usually only one large follicle in the late follicular phase of the cycle which contains a full complement of healthy granulosa cells (McNatty, 1982) . The dominant follicle secretes large amounts of oestradiol into the ovarian vein. In the human by Day 7 (mid-follicular phase) the largest healthy antral follicle has already established dominance, as indicated by the asymmetry in the concentration of oestradiol in blood draining the two ovaries (Baird & Fraser, 1975) and by the marked fall in oestradiol concentration in peripheral blood following its surgical removal (Nilsson, Wikland & Hamberger, 1982) . Similar evidence in the sheep indicates that over 95% of the oestradiol entering the ovarian vein originates from the largest non-atretic antral follicle in both the luteal and follicular phase of the cycle (Moor, Hay & Seamark, 1975; Baird & Scaramuzzi, 1976a) .
The cellular origin of follicular oestradiol has been the source of some controversy (Armstrong, Weiss, Selstam & Seamark, 1981 ; McNatty, 1982) . In women and ewes androgens are the main steroids synthesized by the theca cells while the aromatase activity of the granulosa cells is much higher than that of the theca cells (Hillier, Reichert & van Hall, 1981 (Baird, 1977) (Text- fig. 1 Baird, 1977) .
In addition to being 'oestrogenic', the preovulatory follicle has other characteristics. The most 'oestrogenic follicle' has more granulosa cells and is more likely to contain measurable amounts of FSH than is the 'non'-oestrogenic' follicle (Text- fig. 2 ) (McNatty & Baird, 1978; McNatty, 1982 In the sheep, receptors for LH are present on thecal cells of healthy and atretic follicles although they are confined to the granulosa cells of large healthy antral follicles (Carson, Findlay, Burger & Trounson, 1979) . Evidence from the rat suggests that both oestradiol and FSH play an important role in the acquisition of LH receptors by the granulosa cells (Richards & Midgley, 1976 When is the dominant follicle selected?
In both the sheep and the human the preovulatory follicle becomes dominant in the few days following regression of the corpus luteum. In the sheep, ovulation occurs within 3 days of natural or induced luteal regression while the equivalent period in the human is 17 days (Baird & McNeilly, 1981; Nilsson et al., 1982) . This difference cannot be explained by differences in the rate of follicular development (Text- fig. 3 ) but is due to the fact that, in the sheep, in contrast to the human, development of large antral follicles (4-6 mm diameter) continues throughout the luteal phase (Turnbull, Braden & Mattner, 1977; Cahill, Marianna & Mauléon, 1979; Gougeon, 1982) . We have previously suggested that this difference in follicular development is related to the different pattern of steroid hormones secreted by the corpora lutea of the two species-with consequent differences in secretion of gonadotrophins (Baird, Baker, McNatty & Neal, 1975) .
The changes in the concentration of pituitary gonadotrophins and ovarian steroids at luteal regression and the periovulatory period in the sheep are illustrated in Text- fig. 3 . The decline in progesterone secretion at luteal regression is followed by a rise in the concentration of LH and oestradiol but no change in the secretion of FSH (Baird, Swanston & McNeilly, 1981) . Following prostaglandin-induced luteal regression there is a 3-fold rise in the secretion of LH which is accompanied by a rise in the secretion of oestradiol (Text- fig. 4 ). If the levels of progesterone are restored by the subcutaneous insertion of a progesterone-impregnated implant, the concentration of LH and the secretion of oestradiol are suppressed to the levels found during the luteal phase. These observations suggest that progesterone plays an important role in regulating the secretion of LH during the luteal phase (Hauger, Karsch & Foster, 1977) (Land, 1973) . Following regression of the corpus luteum there is a marked decline in the percentage of healthy antral follicles and by 36 h after luteolysis all but the preovulatory follicle(s) are atretic (McNatty et ai, 1982) . In the sheep, therefore, the final selection of the preovulatory follicle occurs early in the follicular phase.
In the human, in contrast to the sheep, development of antral follicles is suppressed during the luteal phase as indicated by the fact that all follicles > 4 mm diameter are atretic (McNatty, 1982) . That suppression of antral development during the luteal phase of the primate cycle is due to the low levels of FSH and LH is supported by the fact that follicular development can be induced during the luteal phase of the rhesus monkey by injection of exogenous gonadotrophin (hMG) (di Zerega & Hodgen, 1980) . However, because this preparation contains both FSH and LH in equivalent amounts, it is not possible to say whether FSH or LH or both is the critical stimulatory agent.
It seems likely that the low levels of FSH and LH during the luteal phase of the cycle are due to the negative feedback effect of oestradiol and progesterone secreted by the corpus luteum. As the concentration of these steroids declines at the end of the luteal phase the concentration of FSH and LH rises (Text-fig. 3 In similar experiments in the rhesus monkey, Goodman & Hodgen (1977) were unable to demonstrate any rise in gonadotrophins after enucleation of the corpus luteum and therefore concluded that the suppressive effect of the corpus luteum was due to a local inhibitory effect of progesterone on follicular development. However, the increment in FSH which is necessary to induce development of the preovulatory follicle is probably small (see below) and may not have been detected because of the infrequent sampling regimen or the relatively insensitive, non-specific assays. The modest 30% rise in the concentration of FSH which occurs 5-12 h after unilateral ovariectomy in the ewe is transient, with levels returning to basal values within 12 h (Cumming & Findlay, 1976 (Yen, 1980) . The pattern of gonadotrophin secretion is abnormal with chronically raised levels of LH and suppressed levels of FSH. Thus the theca cells of the follicles are stimulated to secrete large quantities of androgens which cannot be converted to oestrogens because the granulosa cells are deficient in aromatase. Addition of FSH, in vivo or in vitro, causes a rapid increase in oestradiol secretion and normal follicular development (Erickson, Hsueh, Quigley, Rebar & Yen, 1979 (Text-fig. 5 ). The fall in the concentration of FSH which is detrimental to all but the dominant follicle may be quite modest. The decline in the proportion of healthy antral follicles > 1 mm diameter from about 50% on Day 12 to less than 20% 24 h after luteal regression is induced with cloprostenol is accompanied by only a 30% fall in the concentra-tion of FSH. The fact that this decline in incidence of healthy follicles can be prevented by simultaneous injection of PMSG supports the suggestion that lack of FSH is responsible for the increased incidence of atresia .
In women the time taken for the emergence of the dominant follicle during the follicular phase is prolonged to 17 days due in part to the low levels of FSH during the luteal phase. The fall in progesterone and oestradiol concentration which occurs during luteal regression is followed by a rise in the concentration of both FSH and LH. The LH pulse frequency increases from < 1 per 6 h during the mid-luteal phase to nearly 4 per 6 h in the early follicular phase (Bäckström, McNeilly, Leask & Baird, 1982) . This presumably reflects a gradual increase in the frequency of pulsatile release of Gn-RH and is probably responsible for the relatively greater increase in the concentration of FSH than LH. Based on doubling times and mitotic index, it has been calculated that the dominant follicle is about 1 mm diameter at the end of the luteal phase (Gougeon, 1982 . As the oestrogen secretion from this dominant follicle increases, the concentration of FSH falls. That this fall in FSH is probably responsible for inhibiting the further development of other antral follicles is supported by the fact that administration of exogenous FSH in the form of hMG during the follicular phase stimulates the development of more than one pre¬ ovulatory follicle (Edwards et al., 1972) . The difficulty in preventing multiple ovulation when using exogenous gonadotrophin reflects the very subtle regulation in the secretion of endogenous gonado¬ trophin by the hypothalamus and pituitary in the spontaneous cycle. Brown (1978) has argued that within the same individual the difference in dose of gonadotrophin between no effect and stimulation of follicular development may be as little as 20% and that the 'threshold' dose necessary to maintain follicular development changes with the size of the follicle. Thus, minor (Nylander, 1975) . Although it is possible that differences in twinning rate reflect differential embryonic mortality, studies in sheep have demonstrated well marked genetic differences in ovulation rate.
If we accept the model for selection of the dominant follicle outlined above, development of more than one dominant follicle could be achieved by two main mechanisms. (1) The number of antral follicles reaching the crucial stage of development could be increased so that the chance of more than one follicle being ready to benefit from the rise in the concentration of LH (and FSH in the human) at the time of luteal regression is increased. (2) The hypothalamic-pituitary system could be less sensitive to the negative feedback effects of oestrogen so that higher levels of oestradiol were 'tolerated' before the secretion of FSH was suppressed. In this way the chance of recruiting more than one healthy follicle for development to ovulation would be increased.
The available evidence suggests that both mechanisms operate. In high fertility breeds of sheep (Romanov and Finnish Landrace) the number of antral follicles of all sizes is increased although the total population of follicles, including preantral follicles, is reduced compared to that in low fertility breeds (Cahill et al., 1979) . It therefore seems likely that on any day a greater number of antral follicles are proceeding through the terminal growth phase. In addition some high fertility breeds (Finn and Romanov) are more resistant to the feedback effects of oestrogen (Land, 1976) . Thus during the follicular phase, although the levels of oestradiol are higher in the high fertility breeds, the levels of FSH are similar or even slightly higher than in the low fertility breeds (Cahill, 1981) . In spite of the higher secretion of oestrogen, the LH surge occurs slightly later in oestrus in the Romanov (Land, Pelletier, Thimonier & Mauléon, 1973 (Cahill, 1981) . However, before concluding that differences in the secretion of gonadotrophins are unimportant in determining ovulation rate, it should be remembered that in the individual animal the differences in the concentration of FSH which may be biologically significant may be much smaller than differences between individuals (Brown, 1978 
